GROMACS version 4.6.1 [J. Comput. Chem. 26, 1701 (2005] was employed to perform NPT simulations with CHARMM36 [J. Phys. Chem. B 114, 7830 (2010) 
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The recently updated GROMACS version 5.0 [http://www.gromacs.org/Downloads] was also employed to perform NPT simulations with the CHARMM36 [J. Phys. Chem. B 114, 7830 (2010) ] force field and force-based cut-offs according to conditions outlined in the main manuscript. The results equilibrated at an area per lipid of 55.4 Å 2 , and are scrutinized here according to the simulation-to-experiment analysis [J. Membr. Biol. 235, 43 (2010) ]. For an additional comparison, we also utilized the recently developed SLIPIDS force field [J. Chem. Theory Comput. 8, 2938 (2012 ]. NPT conditions in our simulations produced the expected fluid phase structure, and an area per lipid of about 58.0 Å 2 . The direct comparison with the experimental data reveals significant differences, partly due to the fact that tensionless simulations are averaged over a range of area per lipid (see an example in Fig. S4 ). 
X-ray scattering form factors
• POPE @ 35C in 0% D 2 O ⎯ simulated results
Neutron scattering form factors
• POPE @ 35C in 100% D 2 O • POPE @ 35C in 75% D 2 O • POPE @ 35C in 50% D 2 O ⎯ simulated results
X-ray scattering form factors
Neutron scattering form factors
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Detailed Structural Information Determined from Experiment
Lipid areas and other bilayer structural parameters are determined through the simultaneous analysis of X-ray and neutron small-angle scattering data that was developed by Kučerka et al.
[ Biophys. J. 95, 2356 Biophys. J. 95, (2008 ], using a newly developed scattering density profile (SDP) model for PE lipids. Briefly, the SDP model of a lipid bilayer is constructed using three Gaussians to describe the PE headgroup (i.e. CG -carbonyl and glycerol groups, P -phosphate, ENXethanolamine, also taking in to consideration the amine's exchangeable hydrogens), and a sum of two mirrored error functions to represent the hydrocarbon chain region (i.e. CH 2 , CH and CH 3 groups). The CH and CH 3 groups are each described by a single Gaussian, which are then subtracted from the error function to obtain the CH 2 distribution. The water distribution is not defined by a function, rather it is calculated on the basis of the "complementarity" principle, whereby all of the probabilities add up to one. In this way, the model captures all of the features from the different SDPs, while satisfying the spatial conservation principle.
The experimental data used in the analysis are shown on the left hand side of each figure 
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Tab. S1: DLPE bilayer parameters in the appropriate units (Å) for length, area and volume, with an estimated uncertainty of +/-2%. 
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylethanolamine (C16:0,18:1PE, POPE)
- 
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Tab. S2: POPE bilayer parameters in the appropriate units (Å) for length, area and volume, with an estimated uncertainty of +/-2%. 1-stearoyl-2-oleoyl-sn-glycero-3-phosphatidylethanolamine (C18:0,18:1PE, SOPE) 
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Tab. S3: SOPE bilayer parameters in the appropriate units (Å) for length, area and volume, with an estimated uncertainty of +/-2%. 
SDP Model Comparison to MD Simulations
The experimentally determined structural information for POPE at 35 o C is compared to the results of MD simulations that yielded the smallest χ 2 . The graphs show probability distributions of various components as defined by SDP model to aid a better understanding of simulation and experiment disagreements. 
